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INTRODUCTION
Modern nickel-base superalloys are strengthened by a high volume fraction of hard y' cubes embedded coherently in a soft matrix. The evolution of internal stresses and strains in the microstructure of single-crystal nickel-base alloys during annealing and during creep were measured by different experimental techniques [1, 2, 3] and calculated using a visco-plastic model in a Finite Element Method (FEM) procedure for the cube and other morphologies under [OOl] load [4-81. Previous experimental work has shown that the creep behavior strongly depends on the orientation
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993742 of the y' cubes [9- 131. The internal stress distribution of cubes under [Oil] load and other load directions is studied. Macroscopic creep strains up to 3% are considered.
MICROMECHANICAL MODEL AND INPUT DATA
The micromechanical model with its limitations and the FEM (Finite Element Method) procedure are described in [7] . A periodic arrangement of y' cubes is simulated. For FEM calculations a volume element containing one eighth of a y' precipitate surrounded by its adjacent matrix is chosen (unit cell method) [4-81. The matrix is permitted to deform both elastically and by creep. A simple creep power law relates the uniaxial equivalent strain rate ieq with the equivalent stress OMses : ieq = A.on Mises with n being the creep exponent. The precipitates deform elastically and perfect-plastically according to von Mises yield criterion, as the local stress level reaches the equivalent y' yield stress ogeld .
The input data required for the calculations were taken from literature concerning SRR99 or related superalloys at 1123K. The used data sets in tables 1 and 2 are presented and discussed in [7] . The pre-exponential factor A was chosen to be equal for all calculations. As discussed in [7] , 100 normalized time units equal 430 hours for the parameterset in tables 1 and 2. (Fig.3) . The y' phase starts yielding at the point F (see Fig.2 ) at t , , %l , whereas the center of the cube does not take part in the plastic deformation. The von Mises stress in the "roof" channels (yly' interface normal is 45' off external load axis (see Fig. 2 )) decreases rapidly from 570MPa to 420MPa and then remains nearly constant from tnom= 0.2 up to tnormwl as depicted in Fig. 3 . As the y' cube undergoes complex deformation for larger elongations, the von Mises stress of the roof channels can fbrther decrease, but remains on a high von Mises stress level of approximately 300MPa. It is obvious that the increase of the von Mises stress level in the center of the cube is coupled to the decrease of the stress level in the roof channel. The vertical matrix channel (y l y ' interface normal is perpendicular to the load axis) rapidly approaches a low stress level of 130MPa and remains on this low level.
Analytical Calculation of the Strain Rate for Cubes under Different Load Directions
Interfacial edge dislocations act as sources of internal stresses [2, 3, 7] . Long-range stresses in narrow matrix channels can only be built up parallel to the yly' interfaces [2, 7] . Shear components of the load tensor, which do not lie in the yly' interface, cannot be compensated by creep-induced stresses in such a way that the von Mises stresss level is fbrther reduced. Under an unaxial load of 
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Oext -J3x2.(y2 + z2). The value for the lowest possible von Mises stress for the (010) and x2+y2+z2 (001) matrix channels are given by cyclic permutation of the x, y and z value in the above formula. Table 3 gives the lowest possible von Mises stress, which is expected in the cube matrix channels. reached, when the external load oext is larger than the product of the y' yield stress oSeld and the y' volume fraction (underloading case) [7] . For our parameterset given in tables 1 and 2 (overloading case) the stationary von Mises stress level during creep is 130MPa for all matrix channels of cubic morphology under [OOl] load [7] . Our FEM calculations under [Ol 11 load (Fig. 3) show that the (001) channel cannot reach zero loading. As the y' material starts yielding, the (001) channel is remaining on 130MPa von Mises stress. For an external load of 490MPa in [011] direction, the value 0 . 8 7 .~~~ presented in table 3 for the roof channels is just the plateau value of 420MPa (Fig. 3 ). The von Mses stress level can only be fbrther reduced from the plateau stress value down to 270MPa in the roof matrix channels, when the y' cube undergoes complex deformation patterns, which produces the compensating shear stresses in the roof channels. Consequently, the matrix stresses in table 3 agree with the FEM result only under the assumption that the y' precipitates does not flow during creep deformation. Nevertheless, the values in table 3 indicate roughly the tendency, how efficiently the internal stress level can be lowered in different orientated matrix channels. 
Transmission Electron Microscopy (TEM)
Observations It was observed [14] that the deformation of a negative misfit alloy (SRR99 at 1033K under 680MPa tensile load) started in the roof matrix channels under [Ol 11 tensile load, which can be explained by the higher von Mises stress level in the roof matrix channels compared to the stress level of the vertical channels (Fig. 3) . Also, at later stages of creep, the matrix deformation was mainly concentrated in the roof matrix channels, whereas the vertical channels were nearly free of dislocations [14] . This is in accordance with our calculations. The roof matrix channels remain on a high von Mises stress level during the creep deformation (Fig. 3) , which locally leads to a large amount of plastic deformation according relation (1). 
